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5.2 ROTOR BLADE 


D rbd Cycle Rotor PE dy. 


5.2.1 Introduction 
/ 


In the design of the Hot Cycle Rotor blades there were/$hree items of 
primary importance i had to be considered in the design) flapwise and 
chordwise natural frequency requirements, ability to withstand the extreme 
temperatures imposed on the structure by the hot gases, and reliability of 
the structure to provide safety of flight under the vibratory hoad conditions 
always present in helicopter rotor blades. Based om these considerations 
the biade construction was made as simple and straightforward as possible. 


Two titanium spars, continuous from the blade root to the tip, are 
designed to resist centrifugal force loads, flapwise and chordwise bending 
moments, and an unbalanced spanwise duct pressure load. The remainder 
of the blade basic structure cunsists of segments (approximately one foot in 
length in the constant rection region from Station 90 outboard to the tip - see 
Figure 5.2-1). 


The main segments, connected by flexible couplings, act as spacers 
between the front and rear spars and contain the hot gas ducts. Torque ard 
chordwise shear loads are carried by these segments. Trailing edge and 
nose cap sections which attach to the main segments with flueh screws com- 
plete the blade airfoil. Since the ducts are an integral part of the main 
segments, the design of the supporting ribs involved severe thermal stresses 
in addition to stresses due to internal and external pressure loads. A 
temperature gradient of approximately 800°F exists between the duct wall 
and the external skin. To provide the greatest resistance to wrinkling of the 
inner rib flange and duct skin the ribs and ducts were made of Rene' 41. The 
outer skin \ ich operates at a much lower temperature than the duct (400° RS) | 
is in tension and is made of 301 half-hard stainless. 


As noted above the ducts are an integral part of the blade from 
Station 90 outboard to the tip. The root section of the duct is supported from 
the hub by a gimbal and ball seal which allows flapping and lead-lag motion. 
In this region the duct material is 321] stainless. A sliding lip seal at 
Station 42 allows for expansion and feathering motion. Outboard of the Kp 
seal the duct is supported by the blade structure and undergoes a transition 
from a single circular duct to the twin ducts of the constant blade section. 

In the transition region the duct material is Inconel ''X, '' chosen because of 
the newd for a material whichis readily formable and weldable in the soft 
state that could be subsequently aged to obtain the higher strengths required. 


9704 


HUGHES TOOL COMPANY-AIRCRAFT DIVISION 
MODEL REPORT N 285-13 waar O62 1.2 
PREPARED (bV=.0 2 == 2 ee + 


Stainless steel (301 -full hard) laminations (0.025 thick) made up in 
strap packs (2 straps per b!ade) attach the blade to the hub structure. Blade 
loads are transferred frum the spars to the straps through attach fittings 
located between blade Statione 63 and 73. The straps, which wrap on shoes 
at either end, restrain the blade in the chordwise direction but allow freedom 
in coning and pitch. A feathering ball, attached to the blade root structure 
and mounted in a fabroid bearing in the hub, acts im compametioan with the 
straps in transferring shear loads from the blade to the hub. 
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5.2.2 Spar Analysis (Reference Drawing 285-0170) 


The hot cycle blade has two spars that are continuous from the 
inboard end, Station 19, tothe tip, Station 330. The spars are machined 


from titanium (6 AL 4V) bar. The aft spar is shotpeened to increase its fa- 
tigue life. 


The blade is so designed that all the flapwise bending is resisted by 
the spars. The remainder of the blade structure is made in segments that 
are connected by flemures. In addition to the flapwise bending loads, the 
spars also resist the ceatrifugal force loads, chordwise moment and au un- 
balanced duct pressure load. The spars are at elevated temperatires during 
operation. The temperatere of the forward spar at Station 92 is 394°F and 
at Station 330 is 460°F. The temperature of the aft spar at Station 92 is 
310°F and at Station 330 is 435°R. 


The spar stiffness distribution was determined by the blade natural 
frequency requirements. Spar areas were adjusted to obtain satisfactory 
stress levels. The flapwise bending moment is distributed to the spars ina 
ratio of their moments of inertia. The blade is balanced about the 25% chord 

C so that in the constant blade section, Station 74 to tip, the distribution of 
centrifugal force load is 57.5% to forward spar and 42.5% to aft spar. 


A minor discrepancy exists in the stress analysis of the blade because: 


(1) At the time of the analysiu, the blade was balanced about the 
feathering axis and the C. F. load distribution to the spars was 
55% to forward spar and 45% to the aft spar. (Shouid be 57.5% 
forward, 42.5% aft. ) 


(2) The blade weight has increased over blade weight used in the 
analysis. The percent increase is 


425.7 
oe = 150) 100 #7, 0%, 
ia7xros. is 


Due to a failure of the rear spar during the Blade Fatigue Test, a 
steel doubler was added at Station 73. Analysis of the doubler installation 
is presented on Page 5.2.2.19. 
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5.2.4 Blade Constant Section 


The rotor blade configuration and construction from Station 90 to 
Station 316 is constant. The blade is constructed in segments 12.5 inches 
in length. Each segment consists of a separate leading edge, center and 
trailing edge sections. The leading edge and trailing edge overlap and tie 
structurally to the center section. The center sections are joined spanwise 
by flexible couplings and tie to the fore and aft spars by 1/4 inch stainless 
steel bolts, a total of 4 bolts, 2 to each spar. The only spanwise continuous 
members are the fore andaft spars. Analysis of the spars is in Section 
5.2.2 of this report. 


The leading edge structure (285-0123) is primarily a fairing and con- 
tains steel weights required to balance the blade. The fairing is made from 
0.020 corr. res. steel type 301 1/2 H. andis attached tothe center section 
by 8 3/l6inch AN 509 screws. The primary loading is centrifugal force. 
The trailing edge section (285-0117) completes the airfoil section. The 
trailing edge section is made from 2024-T3 aluminum alloy alclad. The 
method of construction is that the skins, ribs and webs are bonded together 
with EPB16-114 using Narmco Metlbond 4021 and the section is attached to’ 
the center section with 3/16 inch AN 509 screws. The T. E. section is 
loaded by centrifugal force and chordwise air pressure. 


The center section (285-0113) is the major component of the blade 
airfoil section. The center section serves several purposes. It acts asa 
tie to the spars for the leading and trailing edge sections. It is designed to 
carry torque and chordwise shears but not to carry flapwise bending, there- 
fore, not adding to the bending stiffness of the blade. The inner skin of the 
blade center section forms the duct that transmits the hot gases at pressure 
to the tip of the blade. The center section is constructed with two skins, 
inner and outer, and fore and aft ribs spaced at1.25in. O. C. The outer 
skin and webs are madefrom corr. res. steel type 301 1/2 H. The ribs 
andinner skin (duct skin) are made from Rene' 41. The method of attach- 
ment is with spotwelds and with seam welds where a pressure seal is re- 
quired. The elevated temperature distribution in the center section is given 
in Section 1. 


97n4 


HUGHES TOOL COMPANY-AiRCRAFT DIVISION 
see Rekuar Nace CO TNS: cepa Oc oe 


ANALYSIS mae 


PREPARED BY— —_-— -————_______—_____ 


rg CHECKED BY 

The center sections are connected at the ends by flexible couplings 
(285-0199). The flexures are designed to absorb the difference in deflec- 
tions between adjacent center section. The flexures must be as flexible as 
possible for absorbing the deflections but be structurally satisfactory to 
transfer torque and chordwise shear between center sections and to resist 
the duct pressures. The flexures were originally designed to be made of 
electroformed nickel. Due to procurement problen: on the electroform 
parts, the flexures were fabricated using 0.020 Inconel X sheet, and the 
stress analysis shown is for the Inconel X Flexures. 
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5.2.5 Blade Tip 


5.2.5.1 Description 


The blade tip section consists of the portion of the rotor blade 
outboard of Station 316 including the tip cascade. The tip section from 
Station 316 to the tip cascade serves the same function and is of the same 
construction as the blade constant section described in Section 5.2.4 of the 
report. The purpose of the tip cascade is to turn the flow of the duct gases 
producing the force that turns the rotor blade. The tip cascade is constructed 
from Haynes 25 cobalt base material. 


The stresses in the casci.de are produced by gas pressure, 
centrifugal force, and thermal effects. The tip cascade ties to «he tip 
constant section with 3/16 inch steel screws. The constant ‘ip section in 
addition to carrying its own loads also transfers the centrifigal force and 
pressure loads from the tip cascade to the spars and supporiiny structure. 


Weight is extremely important at the blade tip since centrifugal 
1 force in g's at Station 333 for the normal condition is 548 limit and for the 
C over-rev. condition is 857 limit. 
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5.2.6 Blade Transition Section 


5.2.6.1 Description 


The blade transition section is leeated between the strap-to- 
spar attachment and the blade constant section, Station 73 to 91. The blade 
transition section covers the duct transition séction and ties to the duct at 
Station 90 as shown in Drawing 285-0195. The duct transition section ia 
amalyszed in Section 5.2.10. 


The blade transition section is made in three segments approxi - 
mately 6 inches in length and are joined by electroformed nickel flexures. 
The outboard segment skins and webs are made from corr. res. steel, type 
301 1/2 H and the primary method of attachment is with spotwelds. The 
center and inboard segment skins and webs are made from 6AL 4V titanium 
alloy and the primary method of attachment is with monel rivets. The 
segment tie to the spars is with four 1/4 inch steel bolts, two to each spar. 


Peto, 


The blade transition section is designed to carry torque and 
chordwise shears but not to carry flapwise bending moments therefore not 
adding to the flapwise bending stiffness of the blade. The flexures must be 
as flexible as possible for absorbing the differences in deflection between 
segments and structurally satisfactory to transfer torque and chordwise 
shear. 
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5.2.8 Blade Structure - Station 33 to 63 


The following analysis pertains to the blade structure for the inbdaard 
blade section from Station 33 to the strap-spar fitting structure at Station — 
63. The structure consists of ukin, webs, ribs and flexure ribs and has @ 
retnovable door at the bottom of the blade frora Station 45 to 62. The Mads 
‘ettacture is made in‘two segrnents which are attached to each other and to thal 
adjacent structure by flexures. Each segment is attached to the spars with 
four NAS464P4 bolts, two bolts to each spar. The skins and webs are made 
from 2024-T81 aluminum alloy alclad. The flexures are made from electro- 
formed nickel. 


The primary purpose of the blade structure is to provide a torque 
cell between the blade root section and the strap to spar attachment at 
Station 63 to 73. The structure is also capable of carrying \chordwise shears 
with the moment produced by the shear being mastersekt to the spars. The 
flexure ribs provide a tie between segments that is capable of transferring 
shear loads but flexible for axial loads and bending moments. The flexures 
are critical for ultimate stress for droop stop condition instead of cyclic 
stresses that designed the remaining blade flexures. 
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5.2.10 Blade Ducts 


The primary purpose of the duct is to transfer the hot gases at ele- 
4 vated pressures from the engine to the tip cascade. The duct is an integral 
part-of the blade in the blade constant section outboard of Station 90 and is 
separate from the blade from Station 15 to Station 90. 


5 The duct from the hub to the blade congtant section at Station 90 is 
supported at Stations 15.5, 42.5 and 88 with a centrifugal force tie for the 
outboard duct section at Station 81.7. Thetinboard duct support at Station 
15.5 is designed such that the duct will cong with the blade and that the 
centrifugal force !oads, normal aud cherdwise shears may be transferred 
to the hub upper duct. 


| The duct inboard section is from Station 15.5 to Station 42. The 
primary loads are centrifugal force load of the inboard duct section and duct 
internal pressure loads. There is also a cyclic jvad due to the relative 
movement of the inboard duct and the main rotor blade section. The ele- 
vated temperature of the structure varies from 500°F for the duct gimbal 
ring to 1050°F for the bag .c duct section. 


The center duct support at Station 42 is designed with a sliding 
pressure seal so that the inboard and outboard duct sections may move 
8 panwise and rotate independent of each other. These relative movements 
are required to absorb thermal expansion, hub tilt and blade coning and 
feathering. The support at Sts; 2142 is designed to react normal aad 
chordwise loads but offer no resistance to torque. 


The outboard support at Station 88 is in the form ofa flexure. The 
flexure is capable of transferring normal and chorcwise loads and torque. 
It is flexible in attempting to resist bending moments or centrifugal force 
loads. A load tie is added at Station 81.7 to react the centrifugal force 
toad of the outboard duct section. The load «ie is an adjustable stcap tying 
the outboard duct to the rib and strap-spar fitting at Station 73 and is de- 
signed to carry only centrifugal force loader. 
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